The main goal of the paper is to investigate well-posedness issue for a class of piecewise linear systems within the framework of complementarity systems. The class of piecewise linear systems to be considered includes for instance electrical network with piecewise linear resistors, mechanical systems with Coulomb friction. After giving a de nition of solution for this class of systems, we present su cient conditions for uniqueness of solutions.
Introduction
Piecewise linear systems have been extensively studied in the literature of circuits and systems theory. While the work on`static' piecewise linear systems has mainly concentrated on representing piecewise linear elements suitably see e.g. 3, 6, 11 and solving piecewise linear equations see e.g. 2, 17 , nding e cient simulation methods is the problem that has received most attention for`dynamical' piecewise linear systems 1, 13 .
It seems that earlier work is usually if not always based on the well-posedness assumption. The aim of this paper is to investigate well-posedness issue of a class of piecewise linear systems. As a rst step, we shall clarify what is meant by`solution'. In fact, to de ne a solution concept for continuous-time systems with piecewise elements is nontrivial especially wheǹ relation-type' piecewise linear elements considered rather than`function-type' ones. Still such a de nition is needed for instance to discuss convergence of simulation schemes. After de ning the solution, we give su cient conditions for uniqueness of solution. The development is based on the complementarity formulation developed in 7, 15, 16 . Throughout the paper, we denote the set of n-tuples of arbitrarily di erentiable functions de ned on 0 1 a s C n. If I = n, we denote M I J by M J . For a subset S of a topological space, S denotes the interior of S. imf is the set of image of the map f. For any propositon P , we s a y that`P holds for all su ciently ' if there exists 0 such that P holds for all 0 . The restriction on a b of a function x 2 C 1 will be denoted by xj a b .
Preliminaries

Complementarity problems
The Linear Complementarity Problem LCP of mathematical programming and one of its variants, namely Extended Horizontal Complementarity Problem H L C P , will play a crucial role in our treatment. In this subsection, we recall formulations and solvability conditions of these two problems. 
The H L C P was introduced in 9 with k = 2 and M 0 = I . and further developed in 10 with an eye t o wards piecewise linear functions. We brie y recall some facts from 14 and state a result on solvability of the problem similar to theorem 2. Remark 2.8 LC P can be regarded as a special case of H L C P . Indeed, LC P q M is nothing but H L C P 1 q fI M g. In this case, theorem 2.3 and theorem 2.7 coincide since M is a P-matrix if and only if the determinants of all column representative matrices of fI M g are positive, i.e., fI M g has the column W-property. On the other hand, H L C P k q fM i g k i=0 can be written as an LC P whenever M 0 is invertible. For this purpose, we de ne It is easy to see that solution of H L C P k q fM i g k i=0 can be obtained by solving LC P r M 0 ,1 q N fM i g k i=0 . We shall use this fact in order to utilize previous results concerning with linear complementarity systems. As we shall see later on, our treatment is based on the formulation of piecewise linear systems as complementarity systems. To be reasonably self-contained, we recall Rational Complementarity Problem which is extensively studied in 8 . De nition 2.12 A function f : R ! R 2 is said to be a piecewise linear curve with k pieces if there exists a subdivision S = fS i g k i=1 of R such that f is a ne on each S i .
Notice that the two c haracteristics depicted in gure 1 are piecewise linear curves and also that they are not piecewise linear functions de ned from R to R. Next, we give a presentation of piecewise linear element i n t e r m s o f H L C P .
De nition 2.13 q y fY i g k i=0 q u fU i g k i=0 is said to be a In the case of a relay characteristic, this de nition automatically includes the`sliding mode' as de ned in 5 . Next, we de ne the concept of initial solution which enables us to formulate uniqueness problem as a complementarity problem.
De nition 3. Proof a We omit the proof of this part because of space limitations. However, it is not di cult to see that it can be proven by using theorem 5.14 of 8 and keeping in the mind the equivalence between H L C Pand LCP explained in remark 2.8. Note that, since Gs is rational, the condition in the theorem can be veri ed e ectively by looking at the sign of the leading coe cients of the involved determinants.
The relay systems as they are introduced in 12 are in the scope of the above theorem. It can be checked that Then, according to theorem 3.6, the column W-property of fI 2G I g for su ciently large is su cient for the uniqueness of solutions. It is obvious that fI 2G I g has the column W-property for su ciently large if and only if G is a P-matrix for su ciently large . The latter condition is exactly what is presented as a sucient condition for uniqueness of solutions of linear relay systems in 12 .
Conclusions
For a class of piecewise linear systems, su cient conditions for uniqueness of solutions are given within the framework of linear complementarity systems. Further topics for future work include obtaining necessary conditions, extending results to larger classes of piecewise linear systems and incorporating the results in simulation methods.
